1. Introduction {#sec1}
===============

Colorectal cancer (CRC) has become the most common type of cancer in Taiwan since the Taiwanese diet has become increasingly westernized during recent decades \[[@B1], [@B2]\]. Although Taiwan has a strong current and historical emphasis on traditional Chinese medicine, limited research has been directed towards evaluating the potential of natural plants or herbs as novel bioactive compounds against colorectal cancer. Litchi (*Litchi chinensis*, Sapindaceae) is a tropical fruit tree that originates from southern China and is cultivated in semitropical areas worldwide for its delicious taste of the fruit \[[@B3]\]. In China, litchi seeds are used to release stagnant humor and remove chilling, and the seeds serve as an analgesic agent that can relieve the symptoms of coughing, gastralgia, neuralgia, and testicular swelling. Pharmacological studies have revealed that Litchi seeds exert antihyperlipidemic, hypoglycemic, and antitumor effects \[[@B4]--[@B6]\]. In India, the seeds are powdered as a herbal medicine owing to their astringency, and after oral intake they have the reputation of relieving neuralgic pains \[[@B7]\]. Recent studies have revealed that Litchi pericarp is composed of significant amounts of flavonoids and anthocyanins, including procyanidin B2, B4, epicatechin, cyanidin-3-rutinoside, cyanidin-3-glucoside, quercetin-3-retinoside, quercetin-3-glucoside, and so forth \[[@B7]\]. These components carry high free radical scavenging properties and could be used as antiinflammation, anti-oxidation, or anticancer agents \[[@B8], [@B9]\]. Wang and coworkers showed that Litchi pericarp ethanol extract inhibited the *in vitro* and*in vivo* growth of mouse hepatocellular carcinoma and both estrogen-dependent and independent human breast carcinoma cells \[[@B10], [@B11]\]. However, the Litchi pericarp is the edible part of the Litchi fruit, and overdosing may lead to some consumers\' uncomfortable "heating" \[[@B12]\]. In recent reports, polyphenol compounds from Litchi seeds were identified and composed of a variety of proanthocyanidins and flavonoid glycoside \[[@B13], [@B14]\]. Some of these compounds appear to exhibit antineoplasm activities in lung cancer, cervical cancer and hepatocellular carcinoma cells \[[@B15]\]. However, there is no report to demonstrate the effect and mechanism of Litchi seed extract on anticolorectal carcinoma. Here, we investigated the effect of Litchi seed ethanol extract (LCSP) on colon cancer cell lines Colo320DM and SW480 and attempted to evaluate the potential usage of LCSP for the chemoprevention and treatment of CRC.

2. Materials and Methods {#sec2}
========================

2.1. Chemicals {#sec2.1}
--------------

RPMI, fetal bovine serum, L-glutamine, trypsin, and antibiotics were purchased from Gibco Ltd. (Paisley, UK). Proteinase inhibitor cocktail, sodium orthovanadate, sodium fluoride, sodium pyrophosphate, Triton X-100, ammonia persulfate, *N, N, N*^\'^*, N*^\'^-tetramethylethylenediamine (TEMED), and Tween 20 were obtained from Sigma (St. Louis, MO, USA). Bicinchoninic acid (BCA) protein assay reagent was purchased from Pierce (Rockford, IL, USA). Acrylamide was obtained from Bio-Rad (Hercules, CA, USA). Polyvinylidene fluoride (PVDF) membrane (Immobilon-P) was purchased from Millipore (Bedford, MA, USA). Mouse monoclonal anti-caspase 3, Bcl-2, cyclin A, cyclin D1, and cyclin B1 antibodies were obtained from Zymed (San Francisco, CA, USA). Goat polyclonal anti-poly \[ADP-ribose\] polymerase (PARP) antibody, goat anti-rabbit, and anti-mouse and rabbit anti-goat secondary antibodies conjugated with peroxidase were obtained from R&D Systems (Minneapolis, MN, USA). X-ray film was purchased from Fuji (Tokyo, Japan).

2.2. Cell Lines {#sec2.2}
---------------

Human CRC cell lines Colo320DM and SW480 were obtained from the Bioresource Collection and Research Center in Taiwan. The culture conditions were as recommended by the Bioresource Collection and Research Center. All experiments were carried out on cell lines passaged between 5 and 20 times. Fresh Litchi fruit were purchased from a certificated Litchi farm (Tainan, Taiwan).

2.3. Litchi Seed Extraction {#sec2.3}
---------------------------

Litchi fruit was washed and peeled, and then the seeds were dried in a 70°C oven for at least 48 h. The dried seeds were then ground using a stainless-steel grinder (RT-02, Rong Tsong Iron Factory Incorporation, Taiwan). The powder was sealed and stored at −20°C, or applied to extraction of the polyphenol compounds. For extraction, Litchi seed powder was refluxed with a 10 times (v/w; mL/g) ratio of 70% ethanol solution overnight. The crude extract was filtered through No 1 filter paper, and then centrifuged at 3000 rpm for 30 min. The supernatant was concentrated using a rotary evaporator under reduced pressure in a water bath at \<35°C and, then, freeze-dried. The final crude extract was defined as LCSP, in which polyphenol species named total phenols, total flavonoids, and condensed tannins were measured by colorimetry methods as previously described \[[@B16], [@B17]\]. Briefly, the amount of total phenolics in LCSP, estimated by the Folin-Ciocalteu method, was performed by mixing the samples (0.25 mL) with 3.5 mL of distilled water in screw-capped test tubes followed by addition of 0.5 mL of Folin-Ciocalteu solution. After 3 min, 1 mL of sodium carbonate (20%) was added, and the test tubes were properly shaken before they were incubated in a boiling water bath for 1 min. The tubes were then allowed to cool in darkness. A blue coloration was developed, and the absorbance was read at 685 nm. Results were expressed in mg of gallic acid equivalent/g dry mass LCSP. The total flavonoid content of LCSP, measured by the AlCl~3~ method, was assessed by mixing aliquots of 1.5 mL of LCSP with equal volumes of a solution of 2% AlCl~3~·6H~2~O (2 g in 100 mL methanol). The mixture was vigorously shaken, and absorbance was read at 367.5 nm after 10 min of incubation. Flavonoid contents were expressed in mg catechin equivalent/g dry weight of LCSP. Condensed tannins of LCSP, determined by the vanillin method, was performed by mixing an aliquot of LCSP with a final volume of 5 mL of vanillin reagent (0.5% vanillin in glacial acetic acid containing 4% HCl). The formed pink chromogen was read at 510 nm. The concentration of condensed tannins was expressed as catechin equivalent of LCSP.

2.4. Cell Proliferation Assay {#sec2.4}
-----------------------------

SW480 and Colo320DM cells were plated at 100,000 cells in 60 mm tissue culture dishes. After 18 h of culture, cells were treated with LCSP (0, 12.5, 25, 50, 100, or 150 *μ*g/mL). At 24 h, cells were collected by trypsinization, stained with trypan blue, and the suspensions were counted in duplicate using a hemocytometer. Data are the averages of three independent experiments.

2.5. Cell Cycle Analysis {#sec2.5}
------------------------

The treated cells were harvested and washed with phosphate-buffered saline and fixed in 70% ethanol at −20°C for at least 30 min. The fixed cells were then reconstituted in phosphate-buffered saline and stained with propidium iodide solution (containing 20 *μ*g/mL propidium iodide and 10 *μ*g/mL RNase A) at 37°C in the dark for 30 min. The stained cells were examined by flow cytometry using FL-2A to score the DNA content of the cells. The percentages of cells in the G1, S, and G2/M cell-cycle phases were determined using Modfit software (Verity Software House, Topsham, ME, USA).

2.6. Apoptosis Analysis {#sec2.6}
-----------------------

Measurement of apoptosis was carried out using annexin V to label phosphatidylserine on the surface of apoptotic cells \[[@B18]\]. Briefly, the harvested cells were suspended in binding buffer (10 mM HEPES, pH 7.4, 140 mM NaCl, and 2.5 mM CaCl~2~) and then stained with annexin V conjugated with fluorescein isothiocyanate (FITC) at room temperature in the dark for 30 min. The cells were analyzed by flow cytometry to measure the fluorescence intensity using the FL-1H parameter to detect FITC. Untreated cells served as the negative control.

2.7. Immunoblotting {#sec2.7}
-------------------

CRC cells were washed twice with ice-cold phosphate-buffered saline and lysed in 0.5 mL of homogenization buffer (10 mM Tris-HCl at pH 7.4, 2 mM EDTA, 1 mM EGTA, 50 mM NaCl, 1% Triton X-100, 50 mM NaF, 20 mM sodium pyrophosphate, 1 mM sodium orthovanadate, and 1 : 100 v : v proteinase inhibitor cocktail) at 4°C for 30 min. Cell lysates were then ultracentrifuged at 100,000 g for 30 min at 4°C and the supernatants were used as the cell extracts. The protein concentration of the cell extract was determined by BCA protein assay and adjusted to 2 mg/mL with homogenization buffer. For immunoblot analysis, the cell extract was subjected to 12% SDS-PAGE and the resolved bands were electrotransferred to PVDF membranes using semidry blot apparatus (Bio-Rad) at 3 mA per cm^2^ of the gel in transfer buffer (25 mM tris, pH 8.3, 192 mM glycine, and 20% methanol) at room temperature for 30 min. The free protein binding sites on the PVDF membrane were blocked by incubation with 5% nonfat milk in TTBS buffer (20 mM tris at pH 7.4, 0.15 M NaCl, and 0.2% Tween-20) at 25°C for 2 h. The membrane was immunoblotted with 0.1 *μ*g/mL primary antibody in TTBS buffer containing 3% nonfat milk at 4°C overnight and then with secondary antibody conjugated with peroxidase (1 : 1000) at 25°C for 1 h. Immunoblots were developed using an enhanced chemiluminescence system \[[@B18]\]. The luminescence was visualized on X-ray film.

2.8. Statistical Analysis {#sec2.8}
-------------------------

All data are expressed as mean values ± standard deviation (SD) unless stated otherwise. Differences between groups were calculated using Student\'s unpaired *t*-tests. The dose-dependent effect was calculated using simple linear regression. *P* \< 0.05 was regarded as statistically significant. All statistical analyses were performed using SPSS version 12.0 (SPSS, Inc., Chicago, IL, USA).

3. Results {#sec3}
==========

3.1. Analysis of Phytochemicals in LCSP {#sec3.1}
---------------------------------------

The phytochemicals (polyphenols, flavonoids, condensed tannins) in the LCSP used here were determined by colorimetry. The content of total phenol in LCSP was 342.5 ± 4.3 mg gallic acid equivalent/g of dry mass LCSP. The amounts of flavonoids and condensed tannins in LCSP were 195.3 ± 6.7 and 230.2 ± 3.6 mg catechin equivalent/g of dry mass LCSP, respectively. These results indicate that the LCSP used here was a polyphenol-rich substance with flavonoids and condensed tannins as dominant compounds.

3.2. Inhibition of CRC Cell Growth {#sec3.2}
----------------------------------

The effect of LCSP on the cell survival of two CRC cell lines was shown in [Figure 1](#fig1){ref-type="fig"}. Surviving cells decreased in a dose-dependent manner (*P* \< 0.05) after 24 hours of treatment of Colo320DM and SW480. SW480 cells were more sensitive to LCSP, with a greater than 60% inhibition at a concentration of 25 *μ*g/mL. Colo320DM showed a similar sensitivity at a concentration of 50 *μ*g/mL.

3.3. LCSP Blocked CRC Cells during G2/M Phase {#sec3.3}
---------------------------------------------

To determine the cellular mechanism of growth inhibition of LCSP in CRC cells, we investigated cell cycle progression after LCSP treatment. As shown in [Figure 2(a)](#fig2){ref-type="fig"}, the distribution of all three phases of Colo320DM did not change significantly at LCSP concentrations lower than 50 *μ*g/mL. However, when the LCSP concentration was increased to 100 *μ*g/mL, the number of G2/M phase cells increased significantly, whereas the number of G0/G1 phase cells decreased. A similar effect on the cell cycle distribution was found for LCSP-treated SW480 cells when the concentration of LCSP was 100 *μ*g/mL ([Figure 2(b)](#fig2){ref-type="fig"}).

3.4. Expression Levels of Cyclin D1, A, and B in LCSP-Treated CRC {#sec3.4}
-----------------------------------------------------------------

To confirm the cell cycle distribution change after LCSP treatment, the protein levels of cyclin D1, A, and B1 were determined by immunoblotting. As shown in [Figure 3](#fig3){ref-type="fig"}, the cyclin D1 and cyclin B1 levels in LCSP-treated Colo320DM cells was decreased gradually but still expressed at even LCSP concentration greater than 100 *μ*g/mL. The level of cyclin A was significantly decreased at LCSP concentrations greater than 100 *μ*g/mL. The changes in the levels of these cyclins were closely associated with G2/M phase arrest of the cell cycle. Differing from Colo320DM, LCSP treatment of SW480 cells at 100 to 150 *μ*g/mL decreased the levels of cyclin D1, A, and B1. The changes of cyclin levels in SW480 were also correlated with the cell cycle arrest at G2/M, as shown in [Figure 2(b)](#fig2){ref-type="fig"}. Levels of *β*-actin served as an internal control.

3.5. LCSP-Induced Apoptotic Death of CRC Cells {#sec3.5}
----------------------------------------------

Phosphatidylserine translocation was assessed to determine apoptosis of LCSP-treated CRC cells by staining with FITC-conjugated annexin V. Annexin V positive cells increased in a dose-dependent manner in Colo320DM and SW480 cells ([Figure 4](#fig4){ref-type="fig"}). Both of these two cell lines showed significantly more apoptotic cells at \>12.5 *μ*g/mL LCSP for SW480 cells and \>25 *μ*g/mL LCSP for Colo320DM cells.

3.6. The Protein Levels of Bcl-2, Caspase-3, and PARP in LCSP-Treated CRC Cells {#sec3.6}
-------------------------------------------------------------------------------

The procaspase 3 level in LCSP-treated Colo320DM and SW480 cells gradually decreased ([Figure 5(a)](#fig5){ref-type="fig"}), The cleaved PARP level in these two cell lines increased at 12.5 *μ*g/mL for SW480 and at 25 *μ*g/mL for Colo 320DM, which was correlated with cellular apoptosis ([Figure 4](#fig4){ref-type="fig"}).

3.7. Bax : Bcl-2 Ratio in LCSP-Treated CRC Cells {#sec3.7}
------------------------------------------------

The Bax : Bcl-2 ratio is important in apoptosis. Although the Bcl-2 protein expression was not changed in both CRC cells under high-dosage treatment (150 *μ*g/mL) compared with untreated cells, Bax protein gradually increased in LCSP-treated CRC cells (Figures [5(a)](#fig5){ref-type="fig"} and [5(b)](#fig5){ref-type="fig"}). The change in the Bax : Bcl-2 ratio under LCSP treatment was increased at \>12.5 *μ*g/mL in SW480 cells and at \>25 *μ*g/mL Colo 320DM ([Figure 5(c)](#fig5){ref-type="fig"}). The Bax : Bcl-2 ratio was closely correlated with the apoptosis induction in both LCSP-treated CRC cells.

4. Discussion {#sec4}
=============

This study found that the response to LCSP treatment was similar in the two CRC cell lines, SW480 and Colo320DM. Proliferation of SW480 and Colo320DM was inhibited by LCSP in a dose-dependent manner, although the sensitivity of SW480 to LCSP was slightly higher than Colo 320DM. To the best of our knowledge, this is the first report to show that LCSP can inhibit proliferation of CRC cells. Previous studies have revealed that Litchi seeds are mainly composed of lichitanin A and proanthocyanidin \[[@B13]\]. The major structure of lichitanin is catechin and epicatechin. Purified compounds of these two substances inhibited cancer cell proliferation *in vitro*, suggesting the potential role of Litchi seed extract on cancer prevention and treatment \[[@B19]\]. Plant extracts with high levels of flavonoids and proanthocyanidins have also been studied and are regarded as nutrients with cancer-preventive characteristics \[[@B8], [@B20]\]. The effect of inhibition of CRC cells by LCSP is same as that of purified compounds and polyphenolics from other natural products \[[@B17], [@B18], [@B21]\]. In the current study, we also demonstrated that Litchi seed ethanol extract indeed composed of significant amounts of flavonoids and could inhibit proliferation of CRC cells.

The inhibitory effect of LCSP on the proliferation of CRC cells may involve with two cellular mechanisms, cell cycle arrest and induction of apoptosis. Our investigation of the cell cycle distribution of LCSP-treated CRC cells revealed that the cell cycle was arrested in the G2/M phase when \>100 *μ*g/mL LCSP was applied to the cells. The cell cycle is controlled by a group of regulatory proteins named cyclins. Cyclin D1 is an important regulator of G1 phase progression in many different cell types including CRC cells \[[@B24]\]. In this study, LCSP treatment decreased the level of cyclin D1 gradually in Colo 320DM and at a dosage greater than 100 *μ*g/mL in SW480 cells, which is correlated with the cell cycle analysis showing G2/M phase arrest. In addition, cyclin A is synthesized during the S phase. Disruption of cyclin A function can inhibit chromosomal DNA replication \[[@B25]\]. Cyclin B1 is made in the G2 and M phases of the cell cycle. A decrease in cyclin B1 blocks the cell cycle from progressing into mitosis \[[@B26]\]. Together with alteration of cyclin D1, these findings suggest that the effect of LCSP on the cell division cycle is mainly due to disturb G2/M progression. Previous studies have confirmed that increases in CRC cells in the S phase are associated with perturbation of the G1/S or S/G2 phase transition following treatment with grape seed, Longon seed, or Longon flower extract \[[@B17], [@B18], [@B22]\]. In this study, CRC cells exhibited significant increases in the number of G2/M phase cells following treatment with \>100 *μ*g/mL of LCSP, which differed from previous reports. These findings suggested that the anti-proliferative effect induced by polyphenols from naturally occurring products could occur through a different cell cycle controlling mechanism. The different composition of the polyphenols in each natural product might induce different expressions of cyclin proteins to control the cell cycle in CRC cells. Whether the alteration of cyclin D1 and A levels by LCSP treatment is the only molecular mechanism responsible for the perturbation of the M to G1 phase of the cell cycle in CRC cells needs further investigation.

Induction of apoptosis is another possible mechanism by which the antiproliferative activity of LCSP in CRC cells may be exerted. In current study, we demonstrated that LCSP-treated CRC cells express an apoptotic reaction. The evidence included annexin V analysis and activation of the caspase pathway in the treated CRC cells. The induction of expression of caspase 3 is a crucial step in curcumin- and gypenoside-induced apoptosis in CRC cells \[[@B27]--[@B29]\]. Previous studies have also suggested that caspase 3 is activated during polyphenolic-induced apoptosis in CRC cells \[[@B17], [@B18], [@B21]\]. In the present study, LCSP treatment increased the protein level of the active form of caspase 3 in CRC cells, further indicating that LCSP-induced apoptosis is mediated by caspase 3 activation. The subsequent increase in cleavage of caspase 3 substrate PARP in LCSP-treated CRC cells confirmed the activation of caspase 3. LCSP-induced apoptosis may operate through the Bcl-2 family of proteins. Bcl-2 proteins are important mediators of apoptosis in CRC cells \[[@B30], [@B31]\]. Some family members promote apoptosis (e.g., Bax and Bad), while others inhibit it (e.g., Bcl-2 and Bcl-x) \[[@B32], [@B33]\]. These proteins form multimers, which act as pores in cell membranes, controlling the flux of molecules between cellular compartments. Recent reports have indicated that the ratio of Bax : Bcl-2 proteins is the determining factor in transmitting the apoptotic signal \[[@B34]--[@B37]\]. Previous reports have shown that grape seed extract inhibits the expression of Bcl-2 protein in breast and skin carcinoma cells \[[@B38], [@B39]\]. Additionally, in our previous reports, we also confirmed that longan seed extract increases the Bax : Bcl-2 ratio in CRC cells \[[@B18]\]. Although LCSP influenced different changes in the expression of Bax and Bcl-2 in SW480 and Colo320DM in our study, the Bax : Bcl-2 ratio increased significantly and was correlated with the dosage of LCSP in SW480 CRC cells. These results underline the importance of the Bax : Bcl-2 ratio in cancer cell life and death \[[@B34], [@B35]\]. Taken together, the above results demonstrated that LCSP-induced apoptosis in CRC cells was mediated by an increasing Bax : Bcl-2 ratio.

In conclusion, this study demonstrated that LCSP treatment inhibited cell proliferation in Colo320DM and SW480. LCSP inhibited CRC cells mainly through G2/M phase arrest of the cell cycle through decreased levels of cyclin D1, A, and B1. LCSP also operate through apoptosis by altering the Bax : Bcl-2 ratio and activating caspase 3 in both CRC cells. However, upstream factors mediating LCSP induction of G2/M phase arrest and apoptosis need further investigation. We found that LCSP treatment could inhibit proliferation and induce apoptosis in CRC cell lines, suggesting its potential as a novel chemoprevention agent for CRC in the future.
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![The dose-dependent response of CRC cells to LCSP. Colo320DM and SW480 cells were treated with increasing concentrations of LCSP as indicated and then incubated at 37°C for 24 h. Viable cells were trypsinized, stained with trypan blue, and counted under a microscope. Cell viability was expressed as a percentage of untreated cells. Data are the average of three independent experiments and are expressed as means ± SD.](JBB2012-341479.001){#fig1}

![Cell cycle analysis of LCSP-treated CRC cells. Cells were treated with increasing concentrations of LCSP as indicated and then incubated at 37°C for 24 h. Cells were harvested and fixed in 70% alcohol and then stained with propidium. Stained cells were analyzed using a flow cytometer and the distributions in each cell cycle phase of Colo320DM (a) and SW480 (b) were determined using Modfit software. Data are expressed as a percentage of total cells, represent the averages of three independent experiments, and are expressed as the mean ± SD. \*R\`epresents a significant difference (*P* \< 0.05).](JBB2012-341479.002){#fig2}

![Immunoblots of cell cycle-controlling proteins in LCSP-treated CRC cells. Cells were treated with increasing concentrations of LCSP as indicated and then incubated at 37°C for 24 h. Cell protein lysates from Colo320DM (a) and SW480 (b) cells were separated by SDS-PAGE, transferred to PVDF membranes, and immunoblotted to show cyclin D1, cyclin A, and cyclin B1 levels, and the beta-actin level as a loading control.](JBB2012-341479.003){#fig3}

![Detection of apoptotic induction by LCSP. Cells were treated with increasing concentrations ofLCSP as indicated, then incubated at 37°C for 24 h. The treated cells were then suspended and stained with annexin V conjugated with FITC. Ten thousand cells were analyzed by flow cytometry. Data are the averages of three independent experiments and are expressed as the mean ± SD. \*Represents a significant difference (*P* \< 0.05).](JBB2012-341479.004){#fig4}

![Immunoblots of apoptosis-controlling proteins in LCSP-treated colorectal carcinoma cells. The cell lysates from LCSP-treated SW480 (a) and Colo320DM (b) were separated by SDS-PAGE, transferred to PVDF membranes, and immunoblotted to show the levels of Bax, Bcl-2, procaspase 3 and cleavage-PARP. The protein levels of Bax and Bcl-2 were quantified using ImageJ software according to the density of each band on the immunoblotting image, normalized to the reference band (*β*-actin), and presented as the fold of the untreated control. (c) The data reported are the averages of three independent experiments and are expressed as means ± SD. \*Represents a significant difference (*P* \< 0.05).](JBB2012-341479.005){#fig5}
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